Introduction

37
Arsenic (As) is a dangerous toxicant that poses risk to humans and environment. As . It was also reported by another study that more than 8,000 villages had 46 As contamination in 80% of all STWs above the Bangladesh standard of 0.05 mg/L [8] .
47
The presence of arsenic in water is extremely detrimental to human health [9, 10] . Thus, 48 there is a growing interest in using low-cost methods and materials to remove arsenic from 49 potable water before it may cause significant contamination.
50
The removal of arsenic by various methods has been adequately reviewed where activated by the quick equilibrium achieved within the first 3 hours ( XPS studies were also employed to comprehend the adsorption mechanism of As (III) and with CS-NZVI-CMβ-CD beads. In addition, two characteristic peaks corresponding to As (III) and As (V) were observed at 43.5 and 45.5 eV, respectively (Fig. 4) was absent due to the extensive oxidation of iron by the oxidation-reduction reaction.
205
Hence it could be concluded that after adsorption, partial oxidation of arsenite takes place 206 on the surface of the sorbent. 
Effects of adsorbent dosage and pH
209
Adsorbent dosage is an important parameter in the removal of metal ions by adsorption.
210
Our studies showed that the removal of both As (III) and As (V) increased when the dose of 211 CS-NZVI-CMβ-CD increased from 0.1 to 1 g/30 mL for initial metal concentrations of 1 212 mg/L (Fig. 5a ). It is evident from Fig. 5a that As (III) and As (V) can be lowered below the
213
Bangladesh standard (50 ppb) and eventually to the international standard level (10 ppb)
214
by increasing the adsorbent dosage. In addition, the removal rates of As (III) and As (V)
215
increased with increasing iron loadings (data not shown). However, the NZVI loading was 216 found to be dependent on the size of the adsorbent. For example, for the 2.5 mm beads used 217 in this study, the maximum NZVI load was 1 g/30 mL to avoid oxidation, corrosion, and 218 loss of iron particles.
12
The effect of pH on As (III) and As (V) removal was tested using CS-NZVI-CMβ-CD 221 beads at the concentration level 2 mg/L for the pH values ranging from 2-9 (Fig. 5b) .
222
Elemental As is water insoluble but As salts exhibit a wide range of solubilities depending 223 on pH and the ionic environment. From the pH-pE relation of As (when pH = 0, pE ≈ 11) it has been attributed to ion exchange, specific adsorption to surface hydroxyl groups, or 257 coprecipitation. Improved As adsorption in near alkaline pH range was attributed to a 258 depression of negative solid surface charges in the alkaline region, caused by the presence of the inorganic electrolyte, enhancing the interactions between the surface sites and arsenic 260 oxyanions.
261
The removal of As (III) and As (V) can be explained by the respective speciation 
265
On the other hand, As (III) is present as an anion exclusively above pH 9 (AsO 3 3− , HAsO 3 2− ,
266
H 2 AsO 3 − whereas in the pH interval 6-9 only a small percentage of H 3 AsO 3 is dissociated.
267
The responsible mechanism for the removal of arsenic was adsorption on iron-modified 
Equilibrium isotherms
271
The adsorption isotherms notify specific relation between the equilibrium concentration of 272 adsorbate in the bulk and the adsorbed amount at the surface of adsorbent. The Langmuir 273 adsorption isotherm has been successfully used in many monolayer adsorption processes.
274
The Freundlich isotherm is generally applied to model both monolayer (chemisorption) and 275 multilayer (physisorption) adsorption on heterogeneous surfaces [39] [40] [41] . Temkin isotherm 276 model describes indirect adsorbent-adsorbate interaction and assumes that the adsorption 277 energy in the layer would decrease linearly with coverage ( Fig. 6) [33].
CD beads are in good agreement with observed behavior (R 2 ≥ 0.99) ( Table 2 ). The 280 adsorption capacity of As (III) and As (V) on CS-NZVI-CMβ-CD beads at room 281 temperature (298 K) were 18.51 and 13.51 mg/g, respectively (Fig. 6a) ( Table 2 ). This high affinity between adsorbate and adsorbent ( Fig. 6b) ( Table 2 ). The adsorption data were 291 fitted well with Temkin adsorption isotherm with correlation coefficients ≥0.91 indicating 292 chemisorption of the adsorbate onto CS-NZVI-CMβ-CD beads (Fig. 6c) . The earlier 293 findings were further proved that the adsorption of As (III) and As (V) onto CS-NZVI-
294
CMβ-CD beads is a complete chemisorption process. The homogeneous distribution of 295 active sites on CS-NZVI-CMβ-CD bead surface and uniform distribution of NZVI into the 296 interior may lead to the experimental data fitted well with Langmuir isotherm model. by following the adsorption-desorption process for five cycles with 1 ppm each of As (III)
302
and As (V) (Fig. 7a) . The desorption study was carried out using the fresh desorption CMβ-CD beads (Fig. 2b) . Apparently, the repeated adsorption and desorption performance sharply at the fifth cycle. In contrast, the adsorption rate of As (III) and As (V) was The entrapment of NZVI into the CS-CMβ-CD complex given them suitability, stability 318 and introduce multiple amide, hydroxyl and carboxyl functional groups could enhance the adsorption capabilities. CS-NZVI-CMβ-CD beads were also tested to treat the mixture of 320 multiple metal ions and good adsorption efficiency was found for each metal. Cadmium
321
(Cd (II)), copper (Cu (II)) and chromium (Cr (VI)) were also evaluated with CS-NZVI-
322
CMβ-CD beads and high removal rate was observed in each case (Fig. 7b) . This result
323
clearly supports the suitability of this adsorbent for both drinking water and waste water 324 treatment. 
